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(57) ABSTRACT

The invention is directed to the use of maleic esters selected
from compounds of formulae (1), (II) and (III), as copolymer-
izable emulsifiers in the emulsion polymerization of olefini-
cally unsaturated monomers, in which A is a C3-C40 alkyl
group; X, Y and Z independently are hydrogen or methyl; B
and D independently are sulfate, phosphate or hydrogen; n
and p independently are numbers in the range from O to 40;
and m is a number in the range from 2 to 40.
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1
COPOLYMERIZABLE SURFACTANTS (1)

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority under USC 35 §119 of
European Patent Application 09008429 4, filed Jun. 27,2009,
which is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

The invention is situated within the polymer sector and
pertains to the use of maleic esters of specific structure as
emulsifiers in emulsion polymerization, and also to a process
for preparing polymers by emulsion polymerization using
specific copolymerizable emulsifiers.

BACKGROUND OF THE INVENTION

Emulsion polymerization is a specific process of polymer-
ization in which olefinically unsaturated monomers of low
water solubility are emulsified in water by means of emulsi-
fiers and are polymerized using water-soluble initiators such
as, for example, potassium peroxodisulfate or redox initia-
tors. Anionic and/or nonionic surfactants are the key constitu-
ents here. Via micelle construction in the aqueous solution,
they ensure the process of emulsion polymerization.

Copolymerizable emulsifiers are in great demand in indus-
try, since they are wholly or partly incorporated into the
growing polymer chain and thus reduce, for example, the
migration of free emulsifier molecules in the end application
product. Copolymerizable emulsifiers occupy a middle posi-
tion between monomers and conventional emulsifiers. In this
position, they must be tailored to the monomer system used,
in respect of their reactivity, and must not adversely alter the
properties of the resultant polymer. At the same time, they
must not lose their emulsificative properties as a result of the
presence of a reactive group. On the basis of this combination
of specific properties, there is a great demand on the part of
industry for new copolymerizable emulsifiers.

German  laid-open  specification DE-A-10340081
describes copolymerizable surfactants of the formula
HOOC—CH—CH—COO—(BO),(PO),(EO),R" in which
R! is an alkyl group or alkylphenol group having 8 to 24
carbon atoms, BO is a butylene oxide unit, PO is a propylene
oxide unit, and EO is an ethylene oxide unit, and the numbers
X, ¥, and z independently are 0 or numbers from 1 to 50, with
the proviso that at least one of the numbers x, y, and z is other
than 0, it being possible for the carboxyl group to be present
partly or wholly in neutralized form and for the C—C double
bond to have the cis or trans configuration.

Schoonbrood et al. in Macromolecules 1997 (30), 6024-
6033 in table 1 (top of page 6025) describes an anionic sur-
factant “M14” for use as an emulsifier in emulsion polymer-
ization, having the formula
Na0O,SC;H,OCOCH—CHCOOC, ,H,,—which can also be
written in the form NaO,;SO0—C;H,0—
COCH—CHCOOC, ,H,,.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

It was an object of the present invention to provide com-
pounds which, alone or in a blend with other compounds, are
suitable as copolymerizable emulsifiers for emulsion poly-
merization.
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In the context of their use as emulsifiers for emulsion
polymerization, these compounds ought to have the effect in
particular that there is only a low level of formation of coagu-
lum. Moreover, these copolymerizable emulsifiers in an
aqueous presentation form ought to be pourable and pump-
able.

Lastly, through their use as emulsifiers in emulsion poly-
merization, it ought to be possible to obtain latices which,
relative to those latices prepared with comparable, noncopo-
lymerizable emulsifiers, exhibit improved properties in
respect of electrolyte stability, alkali resistance and/or viscos-
ity.

The invention first provides for the use of maleic esters
selected from compounds of the general formulae (1), (IT) and
(I1I), in which:

A is an alkyl group having 3 to 40 C atoms,

X, Y and 7 independently are hydrogen or a methyl group,

B and D independently are a sulfate or phosphate group, or

hydrogen, and

n and p independently are a number in the range from 0 to

40,
m is a number in the range from 2 to 40
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as copolymerizable emulsifiers in the emulsion polymeriza-
tion of olefinically unsaturated monomers. In the course of
the emulsion polymerization, the compounds (I) to (IIT) may
be used individually or in a mixture with one another.

EO and/or PO Units

The compounds (I), (I) and (IIT) comprise structural ele-
ments

R e

where—as already stated—the definitions are as follows:
X,Y and Z independently are hydrogen or a methyl group
n and p independently are a number in the range from 0 to
40,
m is a number in the range from 2 to 40
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It is noted that the formula notation used is intended to
express the fact that the stated structural elements derive from
ethylene oxide (EO) or propylene oxide (PO) namely insofar
as—logically in the case where the indices m, n, and p are
other than zero—these units result from the synthetic stand-
point from an addition of EO or PO, or ethylene glycol or
propylene glycol (for n, m, p=1), or polyaddition of EO
and/or PO, or polyethylene glycol or polypropylene glycol, or
corresponding mixed EO-PO copolymers (for n, m, p=2). It
is further noted, expressly, that each of these structural ele-
ments independently may be constructed both exclusively of
EO units and exclusively of PO units, or else may comprise
EOunits and PO units in mixed form, distributed randomly or
in blocks. As a consequence of this, the formulaic represen-
tation used for the stated structural elements represents an
abbreviated notation for the stated possibilities, which are
obvious to a knowledgeable person of skill in the art.

Thus, for instance, X=H and n=5 means that the structural
element in question contains five interlinked EO units, corre-
sponding to a moiety —(O—CH,—CH,—)s; in contrast,
X=CH,; and n=5 means that the structural element contains
five interlinked PO units, corresponding to a moiety —(O—
CH,—CH(CH;))s—, and—as the skilled person is aware—
the orientation of the methyl group within the structural ele-
ment may be realized for each PO unitin two ways, namely as
—(O—CH,—CH(CH,3))— or —(O—CH(CH;)—CH,)—.
The formulae (I) to (IIT) should be understood in the context
of'the present invention such that EO units and PO units may
also be present simultaneously within the stated structural
elements (which from a logical standpoint presupposes that
the indices then each have a value of at least 2). The expres-
sion “independently” within the phrase “X,Y and Z indepen-
dently are hydrogen or a methyl group” refers, therefore, not
only to the stated different structural elements, but also
applies within one and the same structural element.

In accordance with what has been said, it is clear that, for
instance, the formula (I) could be represented in a different
notation as

A—(EO/PO)n—OmO—(EO/PO)m—B

(6] (6]

where the structural elements —(EO/PO),— and —(EO/
PO),— may, as stated, comprise exclusively EO or PO units
or mixtures of both units, and where each PO unit may be
present in the orientation —(O—CH,—CH(CH;))— or
—(O—CH(CH,)—CH,)—.

The Compounds (1), (IT) and (I1T)

The alkyl group A comprises linear or branched, saturated
or unsaturated alkyl groups having 3 to 40, preferably 10 to
20, more preferably 12 to 18 C atoms. Special preference is
given to the following alkyl groups A: lauryl (C12), myristyl
(C14), cetyl (C16), stearyl (C18), oleyl (olefinically unsatur-
ated C18), and isotridecyl.

In one embodiment the degrees of alkoxylation for n and p
in each case independently are in the range from 0 to 30, more
particularly 0-20, more particularly 0-10, and more prefer-
ably 3-10.

In one embodiment the degree of alkoxylation for m is in
the range of 3-30 and more particularly 5-20.
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In one embodiment the degrees of alkoxylation for n and p
are each independently in the range of 3-10 and the degree of
alkoxylation for m is in the range of 3-30 and more particu-
larly 5-20.

The groups B and D independently are a sulfate or phos-
phate group or hydrogen.

In one embodiment the groups B and D are hydrogen.

In one embodiment the groups B and D independently are
a sulfate or phosphate group. In that case the sulfate and/or
phosphate groups B and/or D in the compounds (I) to (IIT) are
present in partially or completely neutralized form. The sul-
fate or phosphate group may be neutralized, for example, with
alkali metal or alkaline earth metal hydroxides such as
sodium, potassium, calcium or magnesium hydroxide or with
amines such as ammonia or ethanolamines. The salt form of
the compounds (I) to (IIT) is notable for good water solubility.

The compounds of the formula (I) are obtainable, for
example, by reacting an alkoxylated fatty alcohol with maleic
anhydride, alkoxylating the resultant monoester (reaction
with ethylene oxide and/or propylene oxide), and, if desired,
sulfating or phosphating the terminal OH group.

The compounds of the formula (II) are obtainable, for
example, by subjecting commercial alpha-olefins to epoxida-
tion using formic acid and hydrogen peroxide, then opening
the epoxide ring of the resultant intermediate 1 using water or
ethylene glycol, and, if desired, alkoxylating (reacting with
ethylene oxide and/or propylene oxide) the resultant interme-
diate 2. The resulting diol is then reacted with maleic anhy-
dride, producing a maleic monoester. This maleic monoester
is alkoxylated and subsequently sulfated or phosphated if
desired.

Use of the Compounds (1) to (IIT)

The compounds (I) to (III) for use in accordance with the
invention can be polymerized easily and completely together
with other, different olefinically unsaturated monomers, and
promote the formation of a foam-free, homogeneous emul-
sion.

Those compounds (I) to (IIT) in which B and D have the
definition of a sulfate or phosphate group are preferred. In the
context of the emulsion polymerization, they are used pref-
erably in partially or completely neutralized form (“salt
form” of the sulfate or phosphate group, respectively). This
form is readily obtainable, by subjecting the compounds (I) to
(II1) to partial or complete neutralization by customary meth-
ods, as for example with alkali metal or alkaline earth metal
hydroxides such as sodium, potassium, calcium or magne-
sium hydroxide or with amines such as ammonia or ethano-
lamines. The salt form of'the compounds (I) to (III) is notable
for good water solubility.

Process for Preparing Polymers

The invention further provides a process for preparing
polymers by emulsion polymerization of olefinically unsat-
urated monomers using the abovementioned compounds (1)
to (IIT) as copolymerizable emulsifiers.

A feature of the process of the invention using the com-
pounds (I) to (III), more particularly in salt form, is that
polymers are obtained which have particular shear stability
and electrolyte stability and also a low coagulum content.
One embodiment of the invention produces latices which in
turn are also distinguished by particular water resistance and
also stability toward temperature fluctuations, and in which
there is no discernible migration of the emulsifier into the
film. Another advantage of the process of the invention, fur-
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thermore, is that it is virtually foam-free and reliably prevents
the formation of volatile organic compounds. Since the incor-
poration of the emulsifiers (I) to (III) into the polymer is
virtually quantitative, their use does not entail any problems
with regard to biodegradability either. The olefinically unsat-
urated esters (I) to (I1I), furthermore, show virtually no pro-
clivity to homopolymerization.

Ithas been found that, through the use of the compounds (I)
to (IIT) as emulsifiers in emulsion polymerization, it is pos-
sible to obtain latices which, in relation to those latices pre-
pared with comparable, noncopolymerizable emulsifiers,
exhibit improved properties in respect of their electrolyte
stability, their alkali resistance or their viscosity. Combina-
tions of (I) to (IIT) with typical surfactants of nonionic and
anionic types can also be employed, and likewise exhibit a
positive profile of properties.

The latices of the invention can be used, for example, in the
coatings industry. It has been found that coatings produced
with the latices of the invention possess higher corrosion
protection than conventional coatings.

Additionally it has been found that latices prepared using
compounds ofthe general formula (I) to (III) as emulsifiers, in
particular, have improved freeze/thaw stability as compared
with those latices prepared using conventional emulsifiers.

Monomers

The olefinically unsaturated esters of the general formula
(D to (IIT) that are for use in accordance with the invention are
suitable as emulsifiers in the emulsion polymerization of
virtually all industrially significant, substantially water-in-
soluble monomers, but preferably (meth)acrylic compounds,
styrene compounds, and vinyl compounds.

Typical examples of these monomers are vinylaromatics,
e.g., styrene, divinylbenzene or vinyltoluene, polymerizable
olefins and diolefins such as propene, butadiene or isoprene,
esters of acrylic or methacrylic acid with linear or branched
alcohols having 1 to 18 carbon atoms, more particularly of
alcohols having 1 to 8 carbon atoms, and—with particular
preference—of methyl esters, ethyl esters, and butyl esters
thereof, vinyl esters of acids having 2 to 12 carbon atoms,
more particularly vinyl acetate, vinyl propionate, vinyl 2-eth-
ylhexanoate, and vinyl laurate, vinyl alkyl ethers with alkyl
groups containing 1 to 8 carbon atoms, vinyl chloride,
vinylidene chloride, and the like.

Monomers selected from the group consisting of alkyl
acrylates, styrene acrylates, VeoVa® compounds or mixtures
thereof, with or without addition of acrylic acid or meth-
acrylic acid, are particularly preferred in the context of the
present invention. VeoVa® compounds are vinyl esters of
synthetic saturated monocarboxylic acids having highly
branched structures, provided by Hexion. An example is
VeoVa® 10, which is the vinyl ester of Versatic™ 10, a
synthetic saturated monocarboxylic acid with a highly
branched structure containing 10 carbon atoms.

The monomers may, in the presence of the copolymeriz-
able emulsifiers (I) to (III) for use in accordance with the
invention, be homopolymerized or copolymerized with oth-
ers of the stated compounds from the above listing. It is also
possible to carry out copolymerizations where up to 50% by
weight of further monomers, which are different from the
compounds (1) to (II) of the invention and are inherently
partly or wholly water-soluble, are involved, examples being
acrylonitrile, methacrylonitrile, monoesters of maleic and/or
fumaric acid with 1 to 8 carbon atoms, acrylic acid, meth-
acrylic acid, maleic acid, fumaric acid, crotonic acid and/or
itaconic acid.
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In one embodiment, monomers used in the process of the
invention are combinations of styrene/butyl acrylate, vinyl
acetate/butyl acrylate or styrene/butadiene.

Coemulsifiers

In addition it is also possible to use the compounds (I) to
(I1I), for use in accordance with the invention, in combination
with known nonionic and/or anionic coemulsifiers. This may
lead to dispersions with increased stability, with respect to
shearing forces, temperature effects, and electrolytes, for
example. In that case the coemulsifiers are added in amounts
of 0.5% to 5% by weight, preferably 1% to 3% by weight,
based on the entirety of the monomers employed. In this case
it is possible to introduce the coemulsifiers at the beginning of
the polymerization, together with the emulsifiers, or to meter
them in over the course of the polymerization. Another ver-
sion envisages preparing a pre-emulsion using—exclusively
or in combination—the coemulsifiers, and metering in this
pre-emulsion over the course of the polymerization. It is also
possible, for the purpose of post-stabilizing the dispersions
obtained using the acrylic and/or methacrylic esters of the
invention, to add coemulsifiers to said dispersions.

The compounds (I) to (III) for use in accordance with the
invention may also be employed together with protective
colloids. Typical examples of these kinds of protective col-
loids are fully or partly hydrolyzed homopolymers and/or
copolymers of vinyl acetate, e.g., partially hydrolyzed poly-
vinyl acetate, or fully hydrolyzed copolymers of vinyl acetate
and vinyl ethers. Preferred copolymers have 1 to 4 carbon
atoms in the ether part of the polyvinyl ether. Other protective
colloids may derive from polysaccharides. Particular suitabil-
ity, for instance, is possessed by cellulose ethers such as
hydroxyethylcellulose, hydroxypropylcellulose, carboxym-
ethylcellulose, methyl-cellulose, ethylcellulose or cellulose
mixed ethers. Also suitable are polyacrylamide and also its
copolymers with acrylic acid, acrylonitrile or acrylic esters.
Condensation products of naphthalenesulfonic acid and
formaldehyde, or other water-soluble formaldehyde resins,
more particularly urea-formaldehyde resins, can be used as
well. Finally, casein, gelatin, gum arabic, and also natural
starch and substituted starch derivatives such as hydroxyethyl
starch, are suitable protective colloids.

Emulsion Polymerization

In one embodiment the emulsifiers (I) to (II1) are employed
in the emulsion polymerization in amounts ofin total 0.1% to
25% by weight, based on the sum of the monomers.

The aqueous dispersions to be prepared customarily in the
first step of the process, using the compounds (I) to (III),
contain in practice 15% to 75% by weight of polymerized
monomers (dry residue) in water or in a mixture of water and
water-soluble organic solvents. The dry residue range from
20% to 60% by weight is preferred; for specialty applications,
however, aqueous dispersions with less than 15% by weight
dry residue can also be prepared. In the aforementioned pro-
cesses for emulsion polymerization it is also possible to
employ other customary polymerization auxiliaries, more
particularly initiators, examples being inorganic peroxide
compounds such as potassium or ammonium persulfate or
hydrogen peroxide; additionally, organic peroxide com-
pounds or organic azo compounds, where they can be used for
emulsion polymerization. The initiators are used in custom-
ary amounts, i.e., from 0.05% to 2% by weight, preferably
from 0.1% to 0.5% by weight. Further suitable auxiliaries are
buffer substances, examples being sodium hydrogencarbon-
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ate, sodium pyrophosphate or sodium acetate, which can be
used in amounts of up to 2% by weight. Accelerants such as
formaldehydesulfoxylate can also be used. Additionally it is
possible to use customary molecular weight regulators used
in emulsion polymerization, examples being butenol or else
organic thio compounds such as mercaptoethanol, thiogly-
colic acid, octyl mercaptan or tert-dodecyl mercaptan. For the
conduct of the polymerization processes, various methods are
contemplated that are commonly employed in emulsion poly-
merization, as for example the total inclusion of all the reac-
tants in the initial charge, a monomer feed or an emulsion
feed. For this purpose, generally speaking, the temperature of
the polymerization medium is held in a range from 40 to 100°
C., more particularly 50 to 90° C. The pH maintained is
appropriately in a range between 3 and 9, although emulsion
polymerization at lower pH levels is also possible with the
compounds of the invention. The aforementioned possible
process variants for the emulsion polymerization are carried
out appropriately in coolable and heatable vessels provided
with stirrer and temperature measurement equipment, such as
in stirred pressure vessels, for example. Likewise possible is
the use of coiled-tube reactors or what are called loop reac-
tors. After the end of the polymerization, the polymer disper-
sion is appropriately cooled and removed from the reactor via
sieving devices. If the reaction products are to be isolated as
solid products, the polymer dispersion is appropriately pre-
cipitated or spray-dried. Preferably, however, the dispersions
obtained in the polymerization are used directly as binders for
paints, adhesives, papercoating slips, and other coating mate-
rials. Other conditions for processes for the emulsion poly-
merization using the compounds (I) to (III) for use in accor-
dance with the invention may be freely selected or adapted by
the skilled person in conventional manner to the particular
requirements.

What is claimed is:

1. A method of emulsion polymerization comprising the

steps of:

(a) adding one or more copolymerizable emulsifiers
selected from the group consisting of maleic esters of
formulae (I), (II) and (II), to at least one olefinically
unsaturated monomer, to form a monomer mixture;
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-continued
(1)

A
LYY

(b) emulsifying said monomer mixture to form an emul-

sion; and

(c) polymerizing said emulsion;

wherein A is a C3-C40 alkyl group;

X, Y and Z independently are hydrogen or methyl;B and D

independently are sulfate or phosphate;

n and p independently are numbers in the range from 0 to

40; and

m is a number in the range from 2 to 40.

2. The method of claim 1, wherein the sulfate and phos-
phate groups are partially or completely neutralized.

3. The method of claim 1, wherein the degrees of alkoxy-
lation n and p are in the range of 3-10 and the degree of
alkoxylation m is in the range of 5-20.

4. A method of emulsion polymerization comprising the
steps of:

(a) adding one or more copolymerizable emulsifiers of

formulae (I) to at least one olefinically unsaturated
monomet, to form a monomer mixture;

v ey}
X O O

(b) emulsifying said monomer mixture to form an emul-
sion; and
(c) polymerizing said emulsion;
wherein A is a C3-C40 alkyl group;
X andY independently are hydrogen or methyl; B is sulfate
or phosphate;
n is a number in the range from O to 40; and
m is a number in the range from 2 to 40.
5. The method of claim 4, wherein the sulfate and phos-
phate groups are partially or completely neutralized.
6. The method of claim 5, wherein the degree of alkoxyla-
tion n is in the range of 3-10 and the degree of alkoxylation m
is in the range of 5-20.

#* #* #* #* #*
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